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Abstract 

Background: The aim of this trial was to compare the effects of resistance training versus passive physical therapy 
on quality of life (QoL), fatigue, and emotional distress outcomes during radiation therapy in patients with spinal 
bone metastases under radiotherapy (RT). 

Methods: In this randomized trial, 60 patients were treated from September 201 1 until March 2013 into one of the 
two groups: isometric resistance training or physical therapy with thirty patients in each group during RT. EORTC 
QLQ-BM22, EORTC QLQ-FA13, and FBK-R10 were assessed at baseline, three months, and six months after RT. 

Results: Psychosocial aspects in resistance training group (Arm A) were significantly improved after three (p = 0.001) 
and six months (p = 0.010). Other rated items of the QLQ-BM22 painful site, and pain characteristics were without 
significant differences. Functional interference showed a positive trend after six months (p = 0.081). After six months, 
physical fatigue (p = 0.01 3), and interference with daily life (p = 0.006) according to the QLQ-FA1 3 assessment improved 
in Arm A significantly. Emotional distress was in Arm A lower after six months (p = 0.016). The Cohen's effect size 
confirmed the clinically significant improvement of these findings. 

Conclusions: In this group of patients we were able to show that guided isometric resistance training of the 
paravertebral muscles can improve functional capacity, reduce fatigue and thereby enhance QoL over a 6-months 
period in patients with stable spinal metastases. The results offer a rationale for future large controlled investigations to 
confirm these findings. 

Trial registration: Clinical trial identifier NCT01 409720 



Background 

Spinal bone metastases of an advanced stage of a malig- 
nant primary disease are frequently associated with a de- 
cline of quality of life (QoL) and fatigue. Approximately 
70% of cancer patients report experiences of fatigue dur- 
ing chemo- or radiotherapy [1]. The effects of bone me- 
tastases result in resting pain and during physical stress, 
limitation in daily life, lower performance ability, risk of 
pathological fractures and neurological deficits. Pain is 
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the most significant factor for reduced QoL of patients 
with bone metastases. Fatigue is one of the most preva- 
lent and distressing symptoms reported by cancer pa- 
tients [2] and is described as an unusual feeling of 
exhaustion, tiredness, feebleness, and reduced perform- 
ance ability [3]. Cancer-related fatigue is a serious prob- 
lem that impairs patients physically, mentally, and 
socially [4,5] and previous trials have identified these 
symptoms in patients with an advanced stage of a malig- 
nant primary disease. 

Although there has been frequent research throughout 
recent decades, physical exercise for cancer patients is a 
potential and effective intervention to treat fatigue and 
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to improve QoL during RT [6-12]. Physical exercise with 
spinal bone metastases was considered inappropriate 
due to the risk of pathological fractures and spinal cord 
compression [13]. Accordingly the effect of resistance 
training during RT of patients with spinal bone metasta- 
ses is still unknown. The aim of this randomized trial 
was to compare the effects of resistance training versus 
passive physical therapy on quality of life, fatigue, and 
emotional distress outcomes during radiation therapy in 
patients with spinal bone metastases. 

Methods 

Subjects and recruitment 

From September 2011 through March 2013, consecutive 
80 patients with a histologically confirmed cancer of any 
primary and bone metastases of the thoracic or lumbar 
segments of the vertebral column, or of the os sacrum 
were considered in the Radiooncology Department of the 
Heidelberg University Clinic. Inclusion criteria were an 
age of 18 to 80 years, a Karnofsky performance score 
[14] > 70, written consent to participate, and already initi- 
ated bisphosphonate therapy. The patients were subjected 
to a staging of their vertebral column within the context 
of the CT designed to plan the radiation schedule prior to 
enrolment into the trial. In this examination metastases in 
the thoracic and lumbar spine were classified as "stable" 



or "unstable". This was diagnosed independently by a spe- 
cialist for radiology as well as by a specialist for orthopedic 
surgery. The specifications for an unstable vertebral body 
were tumor occupancy more than 60% of the vertebral 
body, and pedicle destruction [15]. Only a metastasis clas- 
sified by both specialists as "stable" was suggested eligible 
for inclusion. Out of 80 patients considered eligible 15 pa- 
tients were excluded due to unstable metastases, and five 
patients declined to participate in the study. The initial 
sample size 60 patients fulfilled the inclusion and were en- 
rolled into the trial (Figure 1). The study was approved by 
the Heidelberg Ethics Committee (Nr. S-316/2011). 

Design, randomized allocation, and procedures 

This is a randomized, controlled, explorative interven- 
tion trial in the parallel group design with the intention 
to compare the effects of quality-of-life and fatigue of a 
resistance training program for strengthening the para- 
vertebral muscles in patients with spinal bone metasta- 
ses as an adjunct to radiotherapy (RT). Patients in the 
control group conducted physical therapy in the form of 
breathing exercises. A block randomization approach 
was used. After the baseline measurements, the patients 
with stable bone metastases were assigned to the re- 
spective treatment arms on a 1:1 basis according to the 
randomization list. The randomization procedure was 
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Figure 1 Flow of participants through the trial. 
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carried out by a central office. Arm A (intervention 
group, resistance training) and in Arm B (control group, 
physical therapy) each consisted of 30 patients. The tar- 
get parameters were measured at the start of radiother- 
apy (to), after twelve weeks (t 2 ), and after six month (ts). 
The target parameters comprise the documentation and 
completion of the questionnaires EORTC QLQ-BM22, 
EORTC QLQ-FA13, QSC-R10, and the recording of 
patient-specific data. The data of the patient records 
were collected by the authors. Patient characteristics are 
shown in Table 1. 

Study interventions 

The interventions commenced on the same day as radio- 
therapy and were performed on each day of RT treat- 
ment (Monday through Friday) over a two-week period, 
independent of the number of fractions. During the two- 
week RT period, the patients in the resistance training 
group (Arm A) performed the exercises under the guid- 
ance of a physiotherapist. The patients were then 
instructed to practice the training in their homes three 
times a week and continued the resistance training 
themselves until the last investigation after six months. 
The resistance training lasted approx. 30 min, the phys- 
ical therapy (Arm B) approx. 15 min. Since the site of 
the bone metastases differed from patient to patient, 
three different exercises were enacted to ensure an even 
isometric resistance training of the muscles along the 
entire vertebral column. Patients in the control group 
(Arm B) received passive physical therapy in form of 
breathing exercises also for a period of two weeks. The 
passive physical therapy was conducted for patients' 
compliance, and avoidance of a high drop out rate. A de- 
tailed report of the intervention and its application has 
already been published [16]. 

Measures of primary and secondary End points 

The primary endpoint was QoL, assessed using the 
EORTC QLQ BM22 questionnaire, which is specially de- 
signed for patients with bone metastases. The QLQ 
BM22 module (range 0-100) comprises 22 items and 
four scales for the measurement of pain in various parts 
of the body (painful sites), pain characteristics (persistent 
pain, recurrent pain), functional impairment (occurrence 
of pain when performing different activities, interference 
with everyday activities), and psychosocial aspects (fam- 
ily, worries, hope) [17]. Secondary endpoints were fa- 
tigue, and emotional distress. Fatigue was assessed using 
the EORTC QLQ FA13 (range 0-100). This QLQ FA13 
module includes 13 items and five scales for measuring 
cancer-related fatigue [18], with subscales covering phys- 
ical fatigue, emotional fatigue, cognitive fatigue, interfer- 
ence with daily life, and social sequelae. Emotional 
distress was assessed using the QSC-R10 (range 0-50) 



Table 1 Patient characteristics at baseline 

Intervention 
group (n = 30) 



Control group 
(n = 30) 





n 


% 


n 


% 


Age (years) 










Mean (SD) 


613 (10.1) 




64.1 (10.9) 




Gender 










Male 


14 


46.7 


19 


63.3 


Female 


16 


53.3 


1 1 


36.7 


Body Mass Index 










Mean (SD) 


25.3 (4.5) 




24.4 (3.6) 




Karnofsky PS (median, range) 


80 (70-100) 




80 (70-100) 




Primary site 










Lung 


12 


9.2 


8 


26.6 


Breast 


5 


16.7 


6 


20.1 


Prostate 


5 


16.7 


9 


30.1 


Melanoma 


1 


3.3 


I 


3.3 


Kidney 


1 


3.3 


2 


6.7 


Other 


6 


20.1 


4 


13.4 


Spinal metastases site 










Thoracic 


17 


56.7 


14 


46.7 


Lumbar 


9 


30.0 


13 


43.3 


Thoracic and lumbar 


2 


6.7 


2 


6.7 


Sacrum 


2 


6.7 


1 


3.3 


Number of metastases 










Mean (range) 


1 .4 (2-4) 




1.7(1-5) 




Solitary 


22 


73.3 


18 


60.0 


Multiple 


8 


26.7 


12 


40.0 


Type of metastases 










Mixed 


2 


6.7 


2 


6.7 


Osteoblast 


9 


30.0 


10 


33.3 


Osteolytic 


19 


63.3 


18 


60.0 


Concomitant metastases at baseline 








Visceral 


12 


40.0 


5 


16.7 


Brain 


3 


10.0 


3 


10.0 


Lung 


/ 


23.3 


4 


13.3 


Tissue 


8 


26.7 


6 


20.0 


Hormonotherapy 


10 


33.3 


16 


53.3 


Immunotherapy 


7 


23.3 


5 


16.7 


Chemotherapy 


25 


83.3 


20 


66.7 


Pathological fracture at baseline 


6 


20.0 


9 


30.0 


Neurological deficit 


0 


0.0 


2 


6.7 



SD Standard deviation. 



questionnaire. The QSC-R10 [19] module is a valid and 
reliable questionnaire for determining emotional distress 
and anxiety in cancer patients [20]. The questionnaires 
were filled out by the patients at the study site. 
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Radiotherapy 

Radiotherapy was performed in the Radiooncology De- 
partment of the Heidelberg University Clinic. After vir- 
tual simulation was performed to plan the radiation 
schedule, radiotherapy was carried out over a dorsal 
photon field of the 6MV energy range. PTV covered the 
specific vertebral body affected as well as the ones im- 
mediately above and below. In Arm A 24 patients (80%) 
were treated with 10 x 3 Gy, three patients (10%) with 
14 x 2.5 Gy, and three patients (10%) with 20 x 2 Gy. In 
Arm B the dose fractions for 28 patients (93.3%) were 
10 x 3 Gy, for one patient (3.3%) 14 x 2.5 Gy, and for 
one patient (3.3%) 20 x 2 Gy. The median individual 
dose in all patients was 3 Gy (range 2-3 Gy), the median 
total dose 30 Gy (range 20-35 Gy). The individual and 
total doses were decided separately for each individual 
patient, depending on the histology, the patient's general 
state of health, and on the current staging and the corre- 
sponding prognosis. 

Sample calculation and statistical analysis 

The total number of patients undergoing radiotherapy in 
the radiation oncology department of the Heidelberg 
University Clinic for metastatic processes in the verte- 
bral column in the recruitment period is approx. 120, 
about 90 of whom shall fulfill the inclusion criteria. On 
account of the explorative character of this study it was 
not possible to estimate the total number of cases; with 
a scheduled number of 30 patients per group, it will, 
however, be possible to detect a standardized effect 
(Cohen's d) of about 0.8 with a power of 80% and a sig- 
nificance level a of 5%. All variables were analyzed de- 
scriptively by tabulation of the measures of the empirical 
distributions. According to the scale level of the vari- 
ables, means, standard deviations, medians as well as 
minimum and maximum or absolute and relative fre- 
quencies, respectively, will be reported. Additionally, for 
variables with longitudinal measurements, the time 
courses of individual patients and summarized by treat- 
ment groups. Descriptive p-values of the corresponding 
statistical tests comparing the treatment groups will be 
given. Wilcoxon signed rank test was used to compare 
changes in group difference. The Cohen's effect (ES) size 
was assessed for clinically relevant change in question- 
naires measures (<0.3 low, 0.3-0.7 moderate, >0.7 strong 
difference). 

Results 

The mean follow-up was 6.3 month for both groups. 
During the trial there were no adverse events. All surviv- 
ing patients completed all surveys. Five patients (16.7%) 
in Arm A died within the first twelve weeks following 
RT, additional 7 patients (23.3%) died within 6 month 
due to tumor progression. In Arm B died 8 patients 



(26.7%) within 3 month and further 4 patients (13.3%) 
within 6 month. Mortality did not differ between groups. 

Patients in the intervention group (Arm A) showed in 
psychosocial aspects a statistical significant advantage 
after three (p = 0.001) and six months (p = 0.010) (Table 2). 
The Cohen's effect size confirmed the clinically significant 
improvement of the psychosocial aspects (ES -0.79). 

The single item-analysis of psychosocial aspects 
showed in Arm A, worries regarding the loss of mobility 
were significantly lower after as early as three months 
(p = 0.007), and sustained after six months (p = 0.048), 
and were optimistic about their health. The control 
group, on the other hand, reported considerably more 
worries of becoming dependent on others (p = 0.015) 
(Table 3). Other scales of the EORTC QLQ-BM22 like 
painful site, and pain characteristics showed small to 
moderate ES without however becoming significant be- 
tween groups in favoring to the intervention group. The 
functional interference showed a positive trend after six 
months (p = 0.081, ES -0.56). 

After six months, patients in Arm A had significant 
lower physical fatigue (p = 0.013), and interference with 
daily life (p = 0.006) according to the FA13 assessment. 
Emotional and cognitive fatigue did not differ between 
groups, neither after 3 nor 6 months (Table 4). Finally, 
emotional distress was in the intervention group lower 
after six months (p = 0.016) (Table 5) compared to con- 
trol group. The effect size confirmed these findings. 

Discussion 

Bone metastases frequently occur in advanced cancer 
diseases, and in the majority of cases are localized in the 
spinal column. The sequelae include pain, a raised risk 
of fracture, functional impairments and fatigue, all of 
them contributing to deteriorated in quality of life. After 
bone metastasis has been diagnosed, in many cases sev- 
eral weeks or even months pass with a considerable re- 
duction in quality of life and persistent symptoms of 
pain. We therefore attempted to enhance patients' QoL 
by combining resistance training to radiotherapy. To our 
knowledge, this randomized study is the first to investi- 
gate the benefit of isometric exercises to strengthen the 
paravertebral muscles of patients with spinal metastases 
on pain sensation, functional capacity, QoL and fatigue. 
Our results showed that patients report during and fol- 
lowing radiotherapy a benefit from this adjunctive ther- 
apy compared to control group undergoing radiotherapy 
only, with regard to several domains of QoL and fatigue. 
Substantial improvement with small to moderate effect 
sizes could be observed in all dimensions of the EORTC 
QLQ-BM 22 (painful sites, pain characteristics, func- 
tional interference, and psychosocial aspects) compared 
to control group both after three and six months. How- 
ever, with the exception of psychosocial aspects (in the 
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Table 2 Effects of resistance training on Quality of life (EORTC QLQ-BM 22) 



Symptom scales 
















Painful sites 


Intervention group (Arm A) 






Control group (Arm B) 






n 


Mean 




SD 


n 


Mean 


SD 


Baseline (tO) 


30 


39.78 




23.91 


30 


39.56 


24.51 


3 month (t2) 


25 


29.6 




19.73 


22 


35.76 


27.1 


6 month (t3) 


18 


22.22 




13.14 


18 


35.93 


32.67 


Treatment effect (t0-t2) after 3 month p = 


0.399, (t0-t3) after 6 month p = 


0.445 










Effect size (t0-t2) after 3 month 


-0.24, (tO-t3) after 6 month -0.43 












Pain characteristics 


Intervention group (Arm A) 






Control group (Arm B) 






n 


Mean 




SD 


n 


Mean 


SD 


Baseline (tO) 


30 


48.15 




31.47 


30 


54.81 


33.13 


3 month (t2) 


25 


25.78 




17.78 


22 


41.92 


35.62 


6 month (t3) 


18 


25.31 




19.73 


18 


45.06 


36.65 


Treatment effect (t0-t2) after 3 month p = 


0.905, (t0-t3) after 6 month p = 


0.761 










Effect size (t0-t2) after 3 month 


-0.09, (t0-t3) after 6 month -0.24 












Functional interference 


Intervention group (Arm A) 






Control group (Arm B) 






n 


Mean 




SD 


n 


Mean 


SD 


Baseline (tO) 


30 


55.14 




26.32 


30 


55.28 


28.95 


3 month (t2) 


25 


35.33 




20.35 


22 


44.7 


30.38 


6 month (t3) 


18 


29.86 




20.77 


18 


48.38 


30.12 


Treatment effect (t0-t2) after 3 month p = 


0.285, (t0-t3) after 6 month p = 


0.081 










Effect size (t0-t2) after 3 month 


-0.21, (t0-t3) after 6 month -0.56 












Psychosocial aspects 


Intervention group (Arm A) 






Control group (Arm B) 






n 


Mean 




SD 


n 


Mean 


SD 


Baseline (tO) 


30 


69.26 




17.0 


30 


57.59 


19.87 


3 month (t2) 


25 


45.56 




19.71 


23 


54.55 


20.9 


6 month (t3) 


18 


41.05 




19.1 


18 


50.93 


20.55 


Treatment effect (t0-t2) after 3 month p = 


0.001, (t0-t3) after 6 month p = 


0.010 










Effect size (t0-t2) after 3 month 


-0.79, (t0-t3) after 6 month -0.77 













Treatment effect and Cohen's effect size after 3 and 6 month. 



EORTC QLQ-BM22 questionnaire) the difference be- 
tween groups did not reach statistical significance; which 
is predominantly due to the small sample size. The psy- 
chosocial item was elicited in each individual question 
to identify at which points the difference was particularly 
apparent. In particular, patients in the intervention 
group reported worrying less about a potential loss of 
mobility as early as three months. After six months, the 
difference in worries became significant between groups. 
Patients who were regularly exercising also reported a 
more favourable state of health. By contrast, patients in 
the control group worried to a considerably greater ex- 
tent on becoming dependent on others. 

Some recent studies have provided indications of a 
large, clinically relevant short-term effect produced by 
exercise therapy [21]. Segal et al. reported that QoL 
assessed in FACT-General Scale was improved in a ran- 
domized study involving exercise training in patients 



with prostate cancer [22]. Ohira et al. showed a signifi- 
cant improvement in exercise training compared with a 
control group in the CARES-SF subscale for physical 
QoL and psychosocial QoL [23], indicating that exercise 
training is capable of exerting a positive effect on muscle 
growth and consequendy on mobility in breast cancer 
survivors. In our study, patients in the intervention 
group were experiencing less pain-related "functional 
interference" and showed a positive trend after six months 
(p = 0.081). 

As patients are experiencing increased performance 
status, this probably enhances the sense of control, in- 
dependence, and self-esteem, which in turn leads to 
better social interactions and decreased anxiety and 
fear. To determine the clinical relevance by calculating 
Cohen's effect size, a clinically significant improvement 
of the "psychosocial aspects' scale" (ES -0.79) could be 
confirmed. 
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Table 3 Item analysis of "psychosocial aspects" scale 

Intervention group (Arm A) Control group (Arm B) Treatment effect 



Item 


Baseline 




3 month 




6 month 




Baseline 




3 month 




6 month 




3 month 


6 month 


Mean 


SD 


Mean 


SD 


Mean 


SD 


Mean 


SD 


Mean 


SD 


Mean 


SD 


p-value 


p-value 


17 


1.5 


0.8 


1.2 


0.5 


1.3 


0.6 


1.3 


0.6 


1.4 


0.7 


1.4 


0.7 


0.117 


0.560 


18 


3.4 


0.9 


2.6 


1.1 


2.1 


1.1 


2.7 


1.0 


2.9 


1.2 


2.6 


1.1 


0.007 


0.015 


19 


3.2 


1.1 


2.4 


1.2 


2.2 


1.0 


2.6 


1.1 


2.5 


1.3 


2.4 


1.2 


0.015 


0.029 


20 


3.5 


0.9 


2.6 


1.1 


2.4 


1.0 


3.4 


1.0 


3.1 


0.9 


2.9 


0.9 


0.116 


0.314 


21 


3.6 


0.6 


2.7 


1.2 


2.6 


1.1 


3.4 


0.9 


3.0 


1.1 


2.9 


1.2 


0.118 


0.233 


22 


3.2 


0.7 


2.6 


1.1 


2.8 


1.0 


3.0 


0.9 


2.8 


0.9 


3.0 


0.9 


0.101 


0.048 



Questions 

1 7 Have you felt isolated from those close to you? 

18 Have you worried about loss of mobility because of your illness? 

19 Have you worried about becoming dependent on others because of your illness? 

20 Have you worried about your health in the future? 

21 Have you felt hopeful your pain will get better? 

22 Have you felt positive about your health? 

Results of the subscale (questions 17-22) according to EORTC QLQ-BM22. 



Cancer- related fatigue is defined as a persistent subject- 
ive sensation of tiredness relating to cancer treatment that 
impairs the patients' physical and mental performance 
[24], and is the symptom of greatest clinical relevance for 
patients in an advanced stage of cancer disease [25] . Accu- 
mulating evidence from intervention studies indicates that 
exercise programmes are effective both in reducing the in- 
tensity of cancer-related fatigue and also help to prevent 
fatigue from becoming manifest [26-28]. 

In line with other authors' findings, in our study resist- 
ance training was shown to result in substantial reduc- 
tion of physical fatigue and interference with daily after 
6 months whereas no changes in emotional and cogni- 
tive fatigue were observed. 

Dimeo et al. [26] have already demonstrated that an 
exercise programme of limited duration not only im- 
proves the functional status and stamina, but also results 
in a major reduction in fatigue in cancer patients. Exer- 
cise therapy is a highly promising and effective thera- 
peutic approach in sustainably combating cancer-related 
fatigue [20,22,29]. As demonstrated in this study, a 
simple-to-perform regimen of isometric exercises can be 
of substantial benefit, even to advanced-stage cancer pa- 
tients. Our results showed a statistically significant bene- 
fit for the intervention group in all fatigue items, in 
particular regarding physical fatigue and interference 
with daily life. The intervention resulted in an improve- 
ment of mobility in daily life, which might have had an 
impact on reduced fatigue. 

Moderate fatigue was shown in 66% of advanced stage 
cancer patients prior to radiotherapy [30]. This high 
prevalence of fatigue further underscores the importance 



of exercise therapy combined with palliative radiother- 
apy, respectively. Psychosocial distress, depression and 
anxiety are particularly prevalent in advanced disease 
stages, with proportions of clinical depression and anx- 
iety patients ranging from 20 to 39% [31]. Our results 
showed a significant improvement in emotional distress 
and anxiety at 6-months follow-up, however, the effect 
size suggested a strong clinical effect. The effects of re- 
sistance training became apparent and significant in re- 
duced sample after six months, what suggests only a 
benefit for survivors longer than six months. For plan- 
ning further clinical trials in this setting, we recommend 
a Karnofsky performance score [14] < 70, and unstable 
metastases as exclusion criteria. 

Because all patients were in advanced stages of their 
cancer, 40% of the patients in either group were lost to 
follow-up due to progressive disease and subsequently 
death. Further limitations of the study were the relatively 
small sample size, the variety of primary tumors and pa- 
tient conditions, and the exclusion of patients presenting 
with cervical spine metastases. For feasibility reasons, 
patients' compliance with the training program in their 
homes was assessed only by relying on patient-completed 
documentation forms. 

Among the strengths of the study were the random- 
ized design and a relatively low drop-out rate, as well as 
standardized and specific measures to assess multiple 
domains of QoL among patients with bone metastases. 
This is, to our knowledge, the very first application of a 
resistance exercise program in patients with spinal me- 
tastases concomitant to radiotherapy, to enhance their 
functional capacity and mobility, to reduce their fatigue 
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Table 4 Effects of resistance training on fatigue (EORTC QLQ-FA 1 3) 



Physical fatigue 




Intervention group (Arm A) 






Control group (Arm B) 








n 


Mean 




SD 


n 


Mean 


SD 


Baseline (tO) 




30 


57.22 




29.0 


30 


58.06 


29.1 


After 3 month (t2) 




25 


49.0 




24.92 


22 


56.44 


30.53 


After 6 month (t3) 




18 


35.65 




25.37 


18 


64.91 


31.25 


Treatment effect (t0-t2) after 3 month p 


= 0.637, (tO-t3) after 6 month p = 


0.013 










Effect size (t0-t2) after 3 month 


-0.04, (tO-t3) after 6 month 


-0.71 












Emotional fatigue 




Intervention group (Arm A) 






Control group (Arm B) 








n 


Mean 




SD 


n 


Mean 


SD 


Baseline (tO) 




30 


46.67 




32.5 


30 


44.44 


30.27 


After 3 month (t2) 




25 


33.67 




25.63 


22 


43.18 


34.85 


After 6 month (t3) 




18 


27.31 




27.54 


18 


46.05 


33.26 


Treatment effect (t0-t2) after 3 month p 


= 0.796, (t0-t3) after 6 month p = 


0.156 










Effect size (t0-t2) after 3 month 


-0.14, (tO-t3) after 6 month 


-0.35 












Cognitive fatigue 




Intervention group (Arm A) 






Control group (Arm B) 








n 


Mean 




SD 


n 


Mean 


SD 


Baseline (tO) 




30 


21.11 




21.71 


30 


17.78 


22.15 


After 3 month (t2) 




25 


16.89 




23.16 


22 


22.22 


25.89 


After 6 month (t3) 




18 


19.14 




20.45 


18 


19.30 


21.23 


Treatment effect (t0-t2) after 3 month p 


= 0.248, (t0-t3) after 6 month p = 


0.433 










Effect size (t0-t2) after 3 month 


-0.24, (tO-t3) after 6 month 


-0.19 












Interference with daily life 




Intervention group (Arm A) 






Control group (Arm B) 








n 


Mean 




SD 


n 


Mean 


SD 


Baseline (tO) 




30 


2.53 




0.94 


30 


2.30 


1.09 


After 3 month (t2) 




25 


2.20 




1.04 


22 


2.64 


1.00 


After 6 month (t3) 




18 


1.89 




0.96 


18 


3.05 


0.97 


Treatment effect (t0-t2) after 3 month p 


= 0.093, (t0-t3) after 6 month p = 


0.006 










Effect size (t0-t2) after 3 month 


-0.48, (tO-t3) after 6 month 


-0.91 












Social sequelae 




Intervention group (Arm A) 






Control group (Arm B) 








n 


Mean 




SD 


n 


Mean 


SD 


Baseline (tO) 




30 


1150 




0.78 


30 


1.43 


0.86 


After 3 month (t2) 




25 


1.24 




0.52 


22 


1.64 


1.00 


After 6 month (t3) 




18 


1.22 




0.43 


18 


1.79 


1.23 



Treatment effect (t0-t2) after 3 month p = 0.1 29, (t0-t3) after 6 month p = 0.363 
Effect size (t0-t2) after 3 month -0.40, (t0-t3) after 6 month -0.37 



Table 5 Effects of emotional distress according to FBK-R10 
questionnaire 

FBK-R10 Intervention group (n = 30) Control group (n = 30) 





n 


Mean 


SD 


n 


Mean 


SD 


Baseline (tO) 


30 


24.7 


10.8 


30 


24.13 


12.1 


3 month (t2) 


25 


18.84 


9.2 


22 


22.41 


11.8 


6 month (t3) 


18 


15.44 


8.6 


18 


24.95 


12.8 



Treatment effect (t0-t2) after 3 month p = 0.106, (t0-t3) after 6 month p = 0.016. 
Effect size (t0-t2) after 3 month -0.34, (t0-t3) after 6 month -0.87. 



and fears caused by spinal metastases, and thereby, to 
improve their QoL. 

Conclusion 

In this group of patients we were able to show that 
guided isometric resistance training of the paravertebral 
muscles can improve functional capacity, reduce fatigue 
and thereby enhance QoL over a 6-months period in pa- 
tients with stable spinal metastases. Importantly, the 
intervention was able to reduce specific fears around 
loss of mobility and depending on others'assistance. This 
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exercise is a promising and effective therapeutic ap- 
proach to reduce emotional distress and anxiety specific 
to patients suffering from spinal metastases. Large con- 
trolled trials are necessary to confirm these findings. 
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